Multiple myeloma (MM) is the second most common hematologic malignancy affecting terminally differentiated plasma cells. Although high-dose chemotherapy and autologous stem cell transplantation improved survival in younger patients, the natural history of MM has been changed with the availability of five new agents approved in last 10 years (thalidomide, bortezomib, lenalidomide, liposomal doxorubicin and carfilzomib). Despite this significant improvement in overall outcome, MM remains incurable in majority of patients prompting continued search for additional therapeutic options. Extensive molecular and genomic characterization of MM cells in its bone marrow milieu, which affects myeloma cell growth and survival, has provided number of novel drugable targets and pathways. Perturbation of protein catabolism at multiple levels has become an important target in MM. Similarly with improvements in monoclonal antibody generation and vaccine development along with identification of number of cell surface and cellular targets have led to development of various strategies including antibodies and antibody-drug conjugates which are under investigation both preclinically as well as in early clinical studies. We propose that eventually, molecularlyinformed multi-agent combination therapies will be required to eliminate the MM cell clone for a long-term disease control.
On the Horizon
Going forward, the major translational research focus in MM is in four main areas: development of novel agents targeting the MM cell in the BM microenvironment; development of immune (vaccine and adoptive immunotherapy) strategies; development of rationally-based combination therapies; as well as utilization of genomics for improved classification and personalized therapy.
Targeting protein catabolism
Normal cellular homeostasis is maintained by a balanced regulation of protein synthesis and degradation. The ubiquitin proteasome system (UPS) is a non-lysosomal intracellular protein degradation pathway mediated via proteasome holoenzymes, ubiquitin ligases, and deubiquitylating enzymes (DUBs) (2) . Deregulation of the UPS pathway is linked to the pathogenesis of various human diseases including MM; therefore, inhibitors of UPS pathways either at the level of proteasomal or ubiquitylating/deubiquitylating enzymes offers great promise as a novel therapeutic strategy (Fig 1) . We and others have characterized targeting the UPS using our in vitro and in vivo models of the MM cell in the BM milieu, specifically elucidating the Our preclinical and clinical studies led to the FDA approval of bortezomib for relapsed/refractory and newly diagnosed MM. Although bortezomib represents a major advance, not all patients respond, and those that respond relapse. More recent studies have therefore defined mechanisms of resistance to proteasome inhibitors and strategies to overcome it, including second-generation proteasome inhibitors and scientifically-informed combination therapies.
Novel proteasome inhibitors:
Second generation proteasome inhibitors differ qualitatively and quantitatively from bortezomib in their pattern of proteasome inhibition, and can overcome bortezomib resistance in preclinical models. Carfilzomib, a recently approved agent for relapsed MM, is an epoxyketone which irreversibly and covalently binds to the chymotrypic site of the proteasome, resulting in increased extent and duration of inhibition compared to bortezomib (3, 4) . In relapsed and bortezomib refractory MM, Phase I/II clinical trials have demonstrated 20% single agent responses lasting 8 months, with prolongation of survival to 15 months and lack of neuropathy (5-7). In bortezomib naïve patients, response rates are at least doubled, and combination trials of carfilzomib with lenalidomide and dexamethasone demonstrate remarkable extent and frequency of response both in relapsed and in newly diagnosed MM, Another second generation proteasome inhibitor Marizomib blocks chymotryptic-, tryptic-, and caspase-like proteasome activities and overcomes bortezomib resistance in preclinical models. Ongoing clinical studies have defined the dose and schedule and early signs of efficacy (8) . MLN 9708 is an oral boron-containing proteasome inhibitor which has a shorter proteasome dissociation halflife than bortezomib, with improved pharmacokinetcs and anti-tumor activity both in vitro and in vivo (9, 10) . Already MLN9708 has shown single agent clinical activity in relapsed refractory MM, as well as high response rates when combined with lenalidomide and dexamethasone in an all oral regimen to treat newly diagnosed MM. 
Inhibitors of aggresome pathway:
Recent studies have identified the aggresome pathway as an alternative system for polyubiquitylated protein degradation, and shown that HDAC6 binds to both polyubiquitylated proteins and dynein motors, thereby acting to shuttle protein complexes to aggresomes (11) . We have led both preclinical studies and clinical trials combining broad type 1,2 HDAC inhibitors vorinostat or panobinostat to block aggresomal pathway with proteasome inhibitor bortezomib to overcome bortezomib resistance (12, 13) . In an international phase III clinical trial, the combination of vorinostat and bortezomib was superior to bortezomib and placebo in relapsed and refractory MM, with ORR 54% versus 41%, respectively (P<0.0001). The progression free survival (PFS) and time to progression (TTP) were prolonged in the combination arm compared to the bortezomib alone cohort, with PFS hazard ratio reduction of 23% (P=0.01). However, the actual PFS difference was only 7.63 months versus 6.83 months, due at least in part to the side effect profile of diarrhea, fatigue, and thrombocytopenia attendant to combined therapy. A clinical grade prototype selective HDAC6
inhibitor ACY 1215 has rapidly translated from the bench to the bedside and is now under evaluation as a single agent, as well as in combination with bortezomib to achieve dual blockade or proteasomal and aggresomal protein degradation, with a more favorable therapeutic index (14) .
Immune manipulations
Immune dysfunction with decreased humoral and cellular responses and related risk of infection is a hallmark of MM. This suppressed immune function permits continued growth of tumor cells.
Dysregulation of various components of T helper cells has recently been described including:
decreased TH1 responses with interferon-γ production; increased suppressor responses by TH2 cells, as well as dysfunctional T regulatory cells (15) 
Synergistic Combination Therapies
The success rate of phase III randomized clinical trials in oncology has been very low, but in 
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